Extracts of the calyces of Hibiscus sabdariffa are widely used in folk medicine to combat many illnesses. The active constituents of the extracts have been shown on several occasions to be anthocyanins. In our current studies the biological activities of an extract of H. sabdariffa calyces purchased in Oman, but grown in Sudan, are being compared with those of the anthocyanins isolated from them, and, for this, the anthocyanin profile of the extract needed to be ascertained. Although several anthocyanins were detected by UHPLC-ESI-MS/MS, delphinidin-3-sambubioside (major) and cyanidin-3-sambubioside were predominant.
Hibiscus sabdariffa L. (family Malvaceae), commonly known in English as roselle, rosella and red sorrel and in Arabic as karkadeh, is widely grown in Central and West Africa, South East Asia and elsewhere. The red calyces of the flower are consumed worldwide as a cold beverage and as a hot drink (sour tea). These extracts are also used in folk medicine against many illnesses. The phytochemical, pharmacological and toxicological aspects of H. sabdariffa were reviewed by Ali et al. in 2005 [1] . Since then, other beneficial effects resulting from the use of H. sabdariffa extract have been reported [2, and references quoted therein].
Some of these effects have been linked to the anthocyanins that are responsible for the red coloration of the calyces [for example, 2, 3a-e]. Yamamoto and Oshima [4a] isolated an anthocyanin from the calyces of H. sabdariffa, to which they initially assigned the structure, cyanidin-3-glucoside, but later changed to delphinidinpentoside-glucoside [4b]. Delphinidin and cyanidin were reported in 1954 [4c], and delphinidin-3-glucoxyloside (delphinidin-3sambubioside) was isolated from the flower petals of H. sabdariffa in 1961 [4d]. Shibata and Furukawa [4e] also reported the presence of delphinidin-3-sambubioside, along with small amounts of delphinidin-3-monoglucoside, cyanidin-3-monoglucoside and delphinidin. The pigments of the calyces of plants grown in Trinidad were examined by Du and Francis [4f], who also isolated delphinidin-3-sambubioside (major component), delphinidin-3monoglucoside and cyanidin-3-monoglucoside, but, in addition, characterized cyanidin-3-sambubioside as the second most abundant anthocyanin in the extract. Subramanian and Nair [4g] studied the pigments present in H. sabdariffa var. altissima and reported the presence of cyanidin-3,5-diglucoside and cyanidin-3glucosylrutinoside. Khafaga and Koch [4h] reported the anthocyanins found in the calyces of five strains of H. sabdariffa var. sabdariffa. Cyanidin-3-sambubioside was the major pigment, followed by cyanidin-3-monoglucoside. Delphinidin glycosides were lacking in one strain, but were present in the other four. During calyx growth, the anthocyanin content reached 1.7% to 2.5% of the dry weight in all strains.
H. sabdariffa also contains flavonol glycosides [1 and references cited therein], but it was shown that the content of these compounds in the calyces was very low and that they were to be found primarily in the flower petals [4i].
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As part of a continuing research program, we are studying the biological effects of aqueous extracts of H. sabdariffa calyces and evaluating whether these are due to the anthocyanins present in the extract. For this, it has been necessary to determine the anthocyanins present in the extract, which was prepared from the calyces of H. sabdariffa purchased in Oman, but originating in Sudan.
An ethanolic extract was prepared of the calyxes that are being used in our biological evaluation studies. The semi-purified extract was examined by UHPLC-ESI-MS/MS, the data from which revealed that the most abundant anthocyanins in the extract were derived from cyanidin and delphinidin. Ions at m/z 581 449 and 595 were derived from cyanidin (m/z 287). During MS/MS analysis an ion at m/z 303, corresponding to delphinidin, was observed for ions at m/z 597, 465 and 611. Specific neutral losses, such as 162 Da involving a glucose/galactose substructure, and 142 Da corresponding to rhamnose were detected in the MS/MS analysis. The most abundant anthocyanin detected was delphinidin-3-sambubioside (MW 597), which is in agreement with some previous reports [4d,e,f]. The second most abundant anthocyanin was cyanidin-3-sambubioside (MW 581), which has also been reported previously [4f,h]. The predominance of these two anthocyanins in aqueous extracts of H. sabdariffa calyces is in agreement with the results of Sindi et al.
[4j].
In addition to delphinidin-3-sambubioside and cyanidin-3sambubioside, HPLC analysis showed the presence of other anthocyanins, but as very minor components ( Figure 1 ). As only standards of the two major compounds were available, all other anthocyanins were tentatively identified only by means of their UHPLC-ESI-MS/MS fragmentation patterns (Table 1 ). [6] . A sample has been lodged in the Herbarium of the Faculty of Pharmacy, Hradec Králové, under the following number CUFPH-16130/625.
Preparation of anthocyanin extract:
The anthocyanin extract was prepared in a similar way to that described previously [3a, 5] . Cut calyxes (100 g) were extracted twice at room temperature with a 10fold volume of 95% ethanol (w/v) for 24 h, with continual stirring The ethanolic extracts were combined, evaporated under reduced pressure (40°C) to about 100 mL, and then a 10-fold volume of diethyl ether was added. After 2 h of standing, the liquid was decanted and the brown-red sediment was dried in a stream of nitrogen. This sediment was again dissolved in 95% ethanol (40°C, 100 mL) and, after cooling (25°C), a further 15-fold volume of diethyl ether was added. The liquid was decanted, and the residue was dried in a vacuum desiccator for 24 h; a deep purple powder was obtained. A 1 mg mL -1 solution of this in 0.5% formic acid was prepared, filtered through a 0.22 µm filter and analysed.
HPLC analysis of anthocyanins:
An anthocyanin fingerprint was obtained with an Agilent 1260 infinity HPLC system with a G1311C pump, G1329B autosampler and G1365D detector. A Merck LiChroCART 250-4 column (LIChrospher 100, RP-18e, 5µm) was used for separation at a column temperature of 30°C. Gradient elution was performed with 4 g/100 mL formic acid in H 2 O (solvent A) and acetonitrile (solvent B). The gradient profile was 0-1.5 min from 0 to 12% B; 1.5-15 min from 12 to 15% B; 15-20 min from 15 to 30% B; 20-22 min from 30 to 100% B; 22-30 min 100% B; 30-31 min from 100 to 0% B; 31-35 min 0% B. The flow rate was 1 mL min -1 and anthocyanins were detected at 520 nm.
LC-MS analysis of anthocyanins:
The anthocyanins were identified by LC-MS, which consisted of a UHPLC Acquity UPLC system (Waters, Prague, Czech Republic) and a Quattro Micro triple quadrupole mass spectrometer (Waters). An Acquity BEH C18 (50 × 2.1 mm, 1.7 μm) (Waters) analytical column was used for the chromatography. The column was maintained at 30°C in a column oven. The mobile phase was composed of methanol and formic acid (0.1%), using gradient elution with an initial mobile phase of 5% methanol. Thereafter, the concentration was changed within 5 min to 95% methanol, followed by a 2 min equilibration. The mobile phase flow rate was 0.3 mL min -1 . The Quattro Micro ion source was set in the positive ESI polarity mode as follows: capillary voltage: +3000; ion source temperature: 130°C; extractor: 3.0 V; RF lens: 0.3 V. The desolvation gas was nitrogen at a flow rate of 500 L h -1 and at a temperature of 450°C. Nitrogen was used also as the cone gas (70 L h -1 ), and argon as the collision gas. Analyses were performed in SRM mode (selected reaction monitoring) using the precursor ions [M] + and the corresponding product ions. The cone voltage, collision energy, and dwell time were carefully optimised for each compound and transition individually (cone voltage set at 20/30 V, collision energy set finally at 30 eV). MassLynx 4.1 software was used for the MS control and for data gathering.
